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Preface

This report was prepared as part of the Monitoring of Completed Coastal
Projects Program (MCCP) at the U.S. Army Engineer Waterways Experiment
Station (WES). Work was carried out under Work Unit 22121, "Periodic
Inspections." Ms. Carolyn M. Holmes, WES Coastal Engineering Research
Center (CERC), is Program Manager of the MCCP and Messrs. John H.
Lockhart, Jr., John G. Housley, and Barry W. Holliday, Headquarters, U.S.
Army Corps of Engineers, are the Technical Monitors.

This report is the first in what will be a series of reports tracking the long-
term structural response of the Kahului breakwaters, Kahului Harbor. Maui,
Hawaii, and Laupahoehoe breakwater, Laupahoehoe Boat Launching Facility,
Hawaii, Hawaii, to their environment. The information contained in this
r.eort was gathered from land and aerial survey d(ta obtained by R.M.
Towill Corporation, Oahu, Hawaii, under contract to the U.S. Army Engineer
Division, Pacific Ocean (POD), from ground surveys conducted by the
Surveying Branch of POD, and from walking inspections of the structures by
Messrs. Dennis G. Markle, Jeffrey A. Melby, and George F. Turk, CERC,
and Mr. Stanley J. Boc, POD.

This work was conducted during the period February 1990 through
April 1993 under the general supervision of Dr. James R. Houston, Director,
CERC, and Mr. Charles C. Calhoun, Jr., Assistant Director, CERC; and
under the direct supervision of Mr. C. E. Chatham, Chief, Wave Dynamics
Division, CERC. This report was prepared by Messrs. Markle and Boc.

Director of WES during publication of this report was Dr. Robert W.
Whalin. Commander was COL Bruce K. Howard, EN.
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Conversion Factors, Non-SI
to SI Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Miltiply BV To Obtain

feetipl 0.3048 meters

miles (U.S statute) - 1-609347 kidometers

tons (force) 8.896444 klonewtons

, r2,6 254 centimeter-

pounds (force) - .004448 newtons -__

V



1 Introductior.

Background

Under the Periodic Inspections work unit, elected past Monitoring of
Completed Coastal Project (MCCP) structures, and/or structures with unique
design aspects that have probable applications to other projects, are considered
for inclusior' in a periodic monitoring program. Selected sites are presented
as candidates for development of a periodic monitoring plan. Those sites
receiving favorable response during MCCP program review are iuspected and
a monitoring plan is developed and presented for approval. riGce the

reinspected on a periodic basis (frequency of surveys are set based tn a
balance of need and funding for each monitoring site) to obtain long-term
structural performance data.

Monitoring Approach

Primary inspection tools used are relatively low-cost remote sensing
techniques with limited ground truthing surveys. A majority of the periodic
inspections consist of capturing the above-water conditions of the structures at
periodic intervals using high-re ,lution aerial photography. The degree of
data analysis, using photograminetric methods developed for and successfidly
applied at the Manasquan jetties, New Jersey. and the Crescent City
breakwater, California, vary from site to site. A visual comparison of the
periodic aerial photographs is used to gauge the degree of in-depth analysIS
needed to quantify structural changes (primary artmor unit movement). Where
local wave data are being gathered by other projects or agencies and
acquisition of these data can be made at a relatively low cost, wave data are
correlated with structural changes. Where these detailed data do not exist,
general observations and/or documentati'.n of major storms occurring in the
area are presented along with the monitoring data. Use of ground surveys is
limited to the level needed to establish the accuracy of photogrammetric techniques.

When a structure has been photographed at low tide, an accurate.
permanent record of all visible areas is obtained. Through the use 01
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stereoscopic, photogrammetric instruments in conjunction with the
photographs, details of structural geometry can be defined at a point in time.
By direct comparison of photographs taken at different times, as well as the
photogrammetric data resolved from each set of photographs, geometric
changes of the structure can be defined as a function of time. Thus, periodic
inspections of the structures will capture permanent data that can be compared
and analyzed to determine if structure changes are occurring that indicate
possible failure modes ard the need to monitor the structure(s) more closely.

The breakwaters at Kahului Harbor, Maui, Hawaii, and Laupahoehoe,
Hawaii, Hawaii, were nominated by the U.S. Army Engineer Division,
Pacific Ocean (POD). A brief overview of the history of these unique
structures follows.

Kahului Harbor

Kahului Harbor is the only deep-draft harbor on the island of Maui. Maui
is the second largest of the Hawaiian Islands. The harbor is approximately
94 milest southeast of Honolulu and is centrally located on Maui's north shore
(Figure 1).

The harbor is exposed to winds and waves from the north and northeast.
Both northeast tradewind waves and northern swell impact on Kahului Harbor.
The trade winds predominate the summer season, producing 6- to 10-sec,
4- to 12-ft deepwater waves. Int.,nse winter storms in the north Pacific Ocean
create northern ,well during the months of October through March.
Deepwater waves can attain heights of 25 ft with wave periods from 12 to
18 sec. These storms and, more recently, hurricanes are the sources of the
largest waves that reach the Hawaiian islands.

Kanului Harbor is rich in construction, repair, and rehabilitation history as
reported by POD (1981) and Sargent, Markle, and Grace (1988). The harbor
complex got its start when a berthing area, dredged entrance channel and
400-ft-long, armor stone east breakwater were constructed by the Kahului
Railroad Company in 1900. The Corps of Engineers' first involvement with
the project came in 1913 when the east breakwater was extended 400 ft. The
west breakwater was constructed to a length of 1,950 ft in 1919. In 1931, the
east and west breakwaters were extended to their current lengths of 2,766 ft
and 2315 ft, rezpectively. All original construction used a single layer of
keyed and fitted, 8-ton armor stone placed between the + 13-tt mean low
lower water (mllw) crest and -15 ft mllw (Figure 2). Side slopes above
-15 ft mllw were IV on 2H on the heads and IV on 1.5H( on the trunks.
Below -15 ft mliw, the IV on IH sloped structure was constructed of quarry
run stone (25 lb minimum stone weight).

A tahle of factors tar converting non-SI units of rmcastircrncnt to SI units is presented on
page v.
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HARBOR SIDE OCEAN SIDE

5FONE LA YER, 8 TON MINI I IUM153FT KEYED AND FITTED
+13 F T 1.5

_ _•_._.._F j0.0 MLLW
-_-2 TON MIN

5C% 4 TON MIN -15 FT

QUARRY RUN (25 LB. MIN.) I

Figure 2. Kahului breakwater construction of 1913 (typical cross section)

HARBOR SIDE OCEAN SIDE

STONE& GROUT ,.,t 0 2 FT CONCRETE CAP
33 TON TETRA TODS• 33 TON TETRAPODS

_1• 2. !1F 0.0 MLLWY

-10 FTr -1--0 I LAYER STONE
2 8 TON MINIMUM

Figure 3. Kahului breakwater repairs of 1956 (typical cross section)
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Between 1931 and 1954. both breakwaters were severely damaged on
numerous occasions and each repair or rehabilitation was carried out by
r.toring the structure to original conditions with 8-ton keyed and fitted armor
stone. In March of 1954, storm waves, wire estimated 34-ft breaker heights
at the structure heads, attacked Kahului Harbor tfr a 3-day period. The
outer 185 ft and 300 ft of the east and west breakwaters, respectivcey, •,oee
severely damaged. This extensive damage initiated actions to base needed
repairs on current design criteria rather than iesturing the structure to its
prestorm conditions. In 1956, repairs were! comp ,ted on both breakwaters
using 33-ton unreinforced tetrapods and a concrete cap (Figure 3). The new
armor units were placed on the heads of both breakwaters and extended 250 ft
shoreward along the sea-side face of the west breakwater trunk.

A storm in 1958 with estimated wave heights of 25 ft at the structures
caused extensive damage to both breakwaters. A breach in excess of 150 ft
was opened up on the east breakwater at the transition between the armor
stone and tetrapods. On the west breakwater, all of the tetrapods on the
harbor-side quarter of the head were swept away. The IV on 2H slope used
in this area was felt to be the major design deficiency. Temporary repairs of
the east breakwater, consisting of a large monolithic concrete cap and
placement of 12-ton or larger annor stone on the seaside face, were completed
in 1959.

A major breakwater rehabilitation was completed in 1966. Both heads and
355 ft just shoreward of the east head were included in the repair (Figure 4),
which was model tested at WES (Jackson 1964). The inboard quarters of both
heads were armored with two layers of 35-ton trihars on the tipper Coie third
of the slope, while the lower two thirds were protected by a double layer of
50-ton tribars. A two-layer system of 35-ton tribars was placed from the new
concrete rib cap to the toe of the rehabilitated sea-side slope of the east
breakwater trunk.

A storm in 1967 severely damaged the west breakwater truik. This area
was repaired in 1969 by construction of a concrete rib cap and placement of
260 reinforced tribars, weighing 19 tons each, on the sea-side slope. In
November of the same year, the shore end of tho 19-ton trihars was damaged
by 15- :o 20-ft I,reaking waves. This area was repaired in 1973 by an 80-It
shoreward extension of the concrete rib cap and 19-ton tribars. ThL-
shoreward extent of the tribars was buttressed with 25 tribars, weighing
35 tons each (Figure 5).

An inspection conducted in 1973 revealed that the 33-ton tetrapods on the
sea-side quadrants of both heads had sustained considerable damage and they,
along with the 8-ton stone areas ou both trunL, were in need of repair. The
following repairs were completed in 1977: on the west breakwater, 257
reinforced dolosse (30 tons each) were placed in two layers over the 33-ion
tetrapods on the sea-side quadrant of the head; 291 reinforced dolosse (20 tons
each) were placed on the seaside of the west breakwater trunk; on the east
breakwater, 610 reinforced dolosse k30 tons each) were placed in a double
layer over the 33-ton tetrapods on the sea-side quadrant of the head,
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164 reinforced dolosse (20 tons each) were placed in a double layer on the
sea-side slope of the trunk beginning shoreward of the 35-ton tribars: and,
extending shoreward, two layers of 6-ton unreinforced dolosse (455 units)
were placed on the sea-side slope of the east breakwater trunk.

The most recent repairs, model tested by the U.S. Army Engineer
Waterways Experiment Station (WES) Coastal Engineering Research Center
(CERC) (Markle 1982), were completed in 1984. This rehabilitation was
carried out in an attempt to eliminate the need for future "piecemeal" repairs.
On the east breakwater, one layer of 9-ton tribars was placed on the harbor
side between sta 19+50 and 27+ 15; also, a concrete rib cap was constructed
between sta 19+50 and sta 23+80. On the west breakwater, one layer of
6.5-ton tribars was placedJ on the harbor-side slope from sta 19+35 to
sta 22+00. Between sta 17+75 and sta 19+35, single layers of 6.5-ton and
11 -ton tribars were placed on the harbor-side and sea-side slopes, respectively.
A concrete rib cap also was constructed in this area and at sta 17+75, the
11-ton sea-side tribars were buttressed with 25-ton tribars. Five hundred and
forty tribars weight 6.5 tons each, 755 tribars weighing 9 tons each, and
10 tribars weighing 25 tons each, were placed during the 1984 rehabilitation
work.

Laupahoehoe Boat Launching Facility

Laupahoehoe Point is located on the north coast of the Island of Hawaii
approximately 25 miles n~rth-northwest of Hilo (Figure 6). The County of
Hawaii's Laupahoehoe Point Park borders the shoreline of Laupahoehoe
Point. The park is primarily used for day picnics, family gathcrings, and as a
tourist scenic attraction arid rest stop. Historically, Laupahoehoe Boat
Launching Facility served as a landing where livestock were imported to the
area. The park has a concrete loading dock, restrooms, a picnic area, a
pavilion, and a paved parking area. In addition, a concrete launching ramp
was constructed within the park limits in 1970. By 1984, the existing
launching ramp became unsafe. The ramp was located within what would
appear to be a sheitered cove, but waves reflecting off adjacent rocky shores
created hazardous conditions a large percentage of the time. Local fishermen
found launching conditions too hazardous even under relatively calm ocean
conditions. For this reason, the county declared the ramp unsafe and posted a
sign, "Boat Ramp Closed."

The waters offshore of Laupahoehoe are very popular and productive for
fishing most of the year, but the area was under-used due to closing of the
launching ramp. The closest safe launching area was located in Hilo,
25 miles away. This extra travel time required more ice, limiting catch
hauling capacity and available hours for fishing. As well as hampering
fishing, the closed ramp severely limited the ability of the Hilo Rescue Squad
and Coast Guard in responding to emergencies on the northeast Hawaii coast.

Chapter 1 Introduction
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POD developed plans to improve conditions in the area with the following
plan objectives, taken from POD (1984):

a. Improve commercial fishing opportunities in the North Hilo and
Hamakua Distcicts during the 1985-2135 period of analysis.

b. Impreve recreational boating opportunities for the people of the North
Hilo and Hamakua Districts.

c. Provide protection for trailer boat launching and recovery during all
but storm conditions.

d. Limit the protected water area to launch and recovery operations,
allowing sufficient maneuvering room.

e. Minimize conflicts with existing and planned uses of the affected area.

A 250-ft-long rubble-mound breakwater protecting a 9.5-ft-deep entrance
charinil, 7.5-ft-deep turning basin, and a boat-launching ramp was completed
in 1988 (Figures 7 and 8). The design layout for the facility and stability of
the breakwater were optimized through physical model studies conducted by
CERC (Bottin, Markle, and Mize 1987). The breakwater is armored with 30-
ton reinforced dolosse and the cres! is stabilized with a concrete rib cap. The
toe of the dolosse was keyed into the hard basalt bottom by means of a trench
excavated around the perimeter of the breakwater. The rib cap is supported
on concrete pipe columns.

The initial design of the breakwater core called for the vertical placement
of the core stone adjacent to the dolosse and under the concrete rib cap.
However, the breakwater stability model study noted that the stone beneath
the rib cap showed some displacement and consolidation during testing. The
constructability review of the plans also noted that the vertical placement of
the breakwater core stone would be a formidable task in the area's year-round
rough ocean conditions.

A stable breakwater core was achieved through the innovative design of a
reinforced concrete pipe (RCP) rib cage (Figure 7). The RCP rib cage
utilized two rows of 60-in. class 4 RCP, set vertically as columns, on 14-ft
center. Each row's RCP columns were spaced 8 ft on center with reinforcing
steel and concrete placed inside of each pipe. The RCP columns and concrete
rib cap formed a containment cage for the core and capstone. The RCP rib
cage clearly provided a stable bieakwater core and crest that maintained the
energy- dissipating characteristics of the breakwater and was constructable in
the rough waters of the project site.

10 Chapter 1 Introduction
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The Problem

As reviewed earlier in this report, the east and west breakwaters at Kahului
Harbor have undergone many repairs since the U.S. Army Corps of Engineers
became involved with the project in 1913. Most of the repairs were only
marginally successful before a unique breakwater capping method, referred to
as a concrete rib cap, was developed and tested on the protocype structures.
The ribs increase crest stability, reduce wave overtopping, provide buttressing
for crest armor units, allow ease of access for maintenance, and are less
reflective than solid concrete caps. Initially, rib caps were cast first, with
subsequent placement of the armor units. During construction, it was
discovered that it was difficult not to leave a gap bntween the armor units and
rib cap on the upper sea-side slope. This procedure was later reversed (armor
units are placed first and then the rib caps are formed and cast in place) in
order to try to achieve better armor unit buttressing. Periodic photogrammetric
surveys of the Kahului breakwaters will aid in understanding the long-term
performance of the rib caps and their stabilizing effects on the armor units and
the breakwaters as a whole. They also will give a basis for comparing the
stability of areas which used different construction proced..res.

The 250-ft-long dolos armored breakwater constructed at the Laupahoehoe
Boat Launching Facility also utilized a concrete rib cap. Due to the interior
geometry of the structure, cylindrical reinforced concrete pipes were stood on
end and backfilled to provide a stable support for the rib cap. The structure
also used a unique toe entrenchment technique to assist in stabilizing the toe to
the 30-ton dolosse on the hard basaltic bottom. These unique 'esign features
appear to the eye to he performing well structurally, and periodic photogrammetric
surveys will provide a basis for a long-term structural assessment of the
project and its possible application at other sites. This fits well with the
Periodic Inlpections' hypothesis that "Periodic remote inspections can provide
long-term response data."

Purposes

The purpose3 of the study reported herein were:

a. To develop methods using limited land-based surveying, aerial
photography, and photogrammetric analysis to assess long-term
stability response of armor unit layers and concrete rib caps on the
Kahului and Laupahoehoe breakwaters.

b. To conduct initial land surveys, armor unit breakage inspections,
aerial photography, and photogrammetric analyses to (1) test and
improve developed methodologies and accurately define armor unit
movement over the entire above-water armor unit fields, and (2) set
base conditions for breakwater armor units and rib caps, which car, be
used as controls when the structures are revisited in the future under
the Periodic Inspections work unit.

Chapter 1 Introduction 
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2 Monitoring Plan and Data

Armor Unit Targeting and Ground Surveys

Monuments for both horizontal and vertical reference were estabiished on
land and on the caps of the breakwaters to serve as control points for the land-
based survey work as well as the photogrammetric work. Targets were
established on the concrete armor units to serve as a control to check the
accuracy of the photogrammetric work. Ten, ten, and five concreie armor
units dispersed over the sea sides and lee sides of the East and West Kahului
breakwaters and the Laupahoehoe breakwater, respectively, were targeted and
surveyed. A mixture of sizes and types of armor units were targeted
(Table 1). Three targets were placed on each concrete armor unit. Target
locations were selected to maximize their visibility in aerial photography and
to allow tor accurate representation of armor unit movement. Each circular
target is separated into four, 90-deg quadrants. Adjacent quadrants ware
painted highly contrasting colors, and opposing quadrants were painted the
same color. This style target provides a precise center point at which
measurements can be made by both land surveys and photograrnmetric work.
To minimize the need for repainting targets, an epoxy-based marine paint is
recommended. Each target was labeled with a unique pair of alphanumeric
characters. The alpha characters identify the unit and the breakwater on
which it resides, and the numeric characters identify the target on the armor
unit. For example, armor unit "KEA" indicates a unit on the Kahului Eas:
breakwater that is unit A of 10 units A through J targeted on Kahului east,
which has three targets labeled KEA-1, KEA-2, and KEA-3 (Figure 9).
Figures 10-14 show the locations of all targeted units on the Kahului and
Laupahoehoe breakwaters.

The targets on the concrete armor units had their positions surveyed in
September 1991 and October 1992. The first survey work, along with initial
targeting, was conducted by POD's surveying branch, while the la'ter
surveying was completed by R.M. Towill Corporation. Results of these
surveys are shown in Tables 2-4 and field survey maps are on file at WES.
Measured x, y, and z coordinates for each survey are reported along with the
relative change that occurred in each coordinate between the two surveys and
the vector magnitude of change detected. The horizontal datum is based on

14 Chapter 2 Monitoring Plan and Data
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Figure 10. 'Targeted armor unit locations or) shorewakrd end of Kahului East breakwater
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Figure 1 2. Targeted armor unit locations on shoreward end of Kahului West breakwater
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Figure 14. Targeted armor unit locations on Laupahoehoe breakwater
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the Hawaii State Plane Coordinate System, Zone 1, and elevations are relative
to mliw.

Table 1
Kahului and Laupahoehoe Breakwaters, Description of Targeted
Armor Units

Location Unit Description

Kahului East KEA 9-ton triber

KEB 9-ton tribar

KEC 35-ton triber

KED 30-ton dolos

KEE 30-ton dolos

KEF 35-ton tribar

KEG 35-ton tribar

KEH 30-ton dolos

KEI 30-ton dolos

KEJ 9-ton dolos

Kahului West KWA 11-ton tribar

KWB 35-toll iinbti

KWC 30-ton dolos

KWD 30-ton dolos

KWE 30-ton dolos

KEF 30-ton dolos

KWG 35-ton triber

KWH 30-ton dolas

KWI 6.5-ton tribar

KWJ 6.5-ton tribar

Laupahoehoa LA 30-ton dolos

LB 30-ton dolos

LC 30-ton dotos

LD 30-ton dolos

LE 30-ton dolos

The purpose for armor unit targeting and conducting ground surveys of the
targets was to generate a set of control data by which the accuracy of the
photogramnmetric survey work could be validated and defined. A discussion
and presentation of the photogrammetric surveying data for the armor unit
targets and a comparison to the ground survey data can be found later in this
report.

Chapter 2 Monitoring Plan and Data 21



Table 2
Dolosse Target Movement Record from Ground Surveys
Laupahoehoe, Hawaii
Honzontal Datum. Haw'a State Plane Coordna:e System. Zone 1
...= --.= = ====2= == z==

Agency Cate Survey Northzng East,ing Eievatons
(Y) Feet (X) Feet IFI) Feet Retatem Movement (YXZ V V.ctor)

Y X Z Veclor

Target LA1I 18

UTSage 09-10-91 GrOunr 421.93529 588,302.70 11 86

RMTC 10-12.92 Ground I421.93529 588,38259 1 188 000 (001 002 0021

"Target L.2

USODE 09.10-91 Ground 421.92898 58M.392 94 1528

RMTC 10-12-92 Ground 421.92898 588.39294 1530 000 000 (0 02• 002

Target LA3 I
USC• E 09-10-91 Ground 421.92273 588,383 32 10.40

RMTC 10-12.92 Ground 421.92274 508,303.31 10150 001 (0 01 004 004

Target. LOl

USCOE 09.10-91 Ground 421.851 87 580,35479 557

RM'C 10-12.92 Gmrnd 421.85185 588.35483 5.3 (002 0041 006 0.07

Target 102

USGOE 09-10-91 Ground 421.84490 588.36196 13 - I
RMTC 10-12-92 Ground 421.84490 588.361-96 1309 300 C 00 004 004

Target LD3

ULSCO 09-10-91 Groun 421.8W032 5%8.35109 9.06
RMTC 10-12-92 Ground 421.84028 580.35111 911 (0041 002 005 007.

Target LE1

UO 09-10-91 Ground 421.89416 5U8.362 42 817
RMTC 10-12-92 Ground 421.89416 588,362.43 820 0.00 001 003 003

Taret LIE2

JSOOE 09-10-91 Ground 421.881 52 588.362.28 8.74
RMTC 10-12.92 Gnrund 421.881.53 588.362.3, 8.79 001 002 005 005

Twget. LE3

USCOE 09-10-91 Ground 421.880 09 58,352.28 1213

RMTC 10-12.92 Ground 421.88 11 588,352.30 12.17 002 002 004 005

Targe. LC1

k.%3ax 09-10-91 Ground 421.86244 5W0.389 72 552
RMTC "0-12-92 Ground 421.86245 58.389.89 557 001 (003 005 0 06.

Target LC2

USCOE 09-16-91 Ground 421.85826 58,39940 11 89
RMTC 10.12-92 Ground 421.85825 580.399 49 11 92 (001 001 003- 003

Target LC3

USCOE 09-1091 Grourd 421.85011 5M..391 01 7800

RMTC 10-12-92 Grou.,d 421.850 11 588.391 00 783 000 t00l 003 003

Target LB1

USCOE 09.1091 Ground 421.88425 588.392 29 1059 I
RMTC 10-12-92 Grounld 421.884`5 588,39232 1063 000 003 0 04: 005

Target L82

USCOE 09-10-91 Ground 421,874 74 5e80.3q631 15 89
RMTC 10-12-92 Ground 421.87475 5,8.39830 15.90 0, 01 (0 01 001 002

Target8 L3

USCOE 09-10-91 Ground 421.87266 W58.387 30 1048
RMTC 10.12-92 Ground 421.81265 588.38830 1051 (001 000 0041 004
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Table 3
Dolosse Target Movement Record from Ground Surveys
Kahului-East, Maui, Hawaii

I-brzontal Oturm H, lm ar.Cwoednste Systemn. Zone 1

Agency Oate S'y tbhig Eaate-g ~ ievton ______

Y)Feet (X) Feet (Ft) Feet Reataiw Moveroerf C02Z VedtOr)

Y X Z Vector

Targe KE(.1

UScOE Ground 207,201 71 565.596.78 7 80
RMTC ¶0-0892 Ground 207.201.72 565.596-80 7-82 0.01 0 01 0-02 0.03

Target KEC2

UScO~E Ground 207.21032 585.59215 1054
RUTC 10-06-2 Giround 207.210-33 565.59218 1058 001 003 0 02 0.04

Target KEC~3

USCOE Groun~d 207.20951 W85,602.21 11.01
RUTC 10-06-92 Ground 207,209.53 565,602.28 1102 (0.02 0.05 0-01 005

Target KE01

ULSCOE Grounwd 207,271 81 565,609.22 18 06
RWTC 10-06-92 Groundl 207.271-81 585,60924 18.051 000 00D2 (0.01 0.02

Target KED2

USCOE Groun~d 207.272.89 585,621.02 14.20
RhITC 10-06-92 Ground 207,272.89 565.621.04 1420 000 0.02 0.00 0.02

Target KED3

USCOE Ground 207.26235 565.614.44 1190
RMTC 10-0692 Ground 207262.34 %565614.46 1190 0.00 002 000 0.02

Target KEEl

USODE Ground 207,296.90 565,669.83 13.83
RMTC 10-06-2 Ground 207,296.90 565.669.82 13.82 0.00 (0.01] 001 001

Target KEE2

USODE Ground 207,297 91 565,681.06 1637
RUIC 10-06-92 Ground 207.297.88 585,681.95 16.34 (0.03 (001] 0 03 0.04

Target KEE3

USCOE Grounid 207,267.86 565.675.75 1223
RMTC 10-06-92 Ground 207.287.85 565.675.74 1220 '001 (001 00D3 0.03

Target KEFi

%JSCOE Ground 207.265.53 565,;72 83 1 370
RMTC 10-06-92 Gfound 207.26553 565,72281 1368 000 (002 004 00-4

Target KEF2

USCOE Ground 207.271 71 565.73235 85S1,
RMTC IU-06-92 Ground 207.271 71 565.73233 851 00 (0021 000 002

Target KEF3

UCGGround 207,25912 565.73254 931
RUAIC 10.06-92 GrudI 27291 5573251I 930 001 (003~ 001 003

Target KEGI

USCOE Ground 207.221 10 565.74984 9 73
RMTC 101-06-92 Ground 207.22210 565,74979 973 000 (0 05 000 00D5

Target KEG2

USCOE Ground 207,228 04 565.75553 1062
RMTC 10-06-92 Ground 207,22884 565.75546 1061 I 000 (0 05~ 001 005

Torget KEG3I

USCOE Geound 207,22056 565.75851 9331
RMTC 10-06-92 Ground 207.22058. 565.75848 9.31j 002 (003. 002 004

- . (Continued)
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Table 3 (Concluded)
H•1ztal Dtum- Hewur State Plane Coordinate System. Zone 1

.. ........... ==.== = ..... = =-w== ==-z -= == T= ===== ==

Agency Date Survey NOhting Ersi.0g Ebe•mns

(Y) Feet (4) Fee (Ft) Feet Relative Moremerd (07 v Vecta)

Y X Z Vector

Target 1(681

USCOE Ground 207.11298 565.756 80 641
RMTC 1006-92 Ground 207,11295 565.756.81 644 (0031 001 003 0104

Target KER2 _ I

USCOE Ground 207.10760 565.75554 466

RMTC 100692 Ground 207,107.57 565,75555 468 (0 03) 001 002 004

Targ KEt 3 II

USCOE Ground 207.111 69 565.75139 477
RGTC 10-06-92 Ground 207.11165 565,751.39 480 (004 000 003 005

Target KEH1

USCOE Ground 207,05840 565.99597 1593
RUTC 10.06-92 GroxJnd 207.058 39 565.99595 1598 (001 (002 0 05 005

Target KEH2

USCOE Ground 207.06520 566.066 10 1795
RMTC 10-06-92 Grou"d 207,06518 566.066 09 18 00 (002 (001 0 05 0005

Target KE(6.-3 2

USCOE Ground 207.053 D9 566.007 42 1.523
RMTG 10-D6-92 Ground 207,0530D8 566.,00736 1526 1001 -(0.06 003 007

Target KEA1

LISCOE IGround 206.88e65 566.164 10, 532

RMTC 10-06-92 Ground 206.888631 566164 13 542i (0 021 003 010 Oil

Target KEA2 I I I

USCXOE Ground 206.885 59 566.16895 544
RmTC 10-06-92 Ground 206.88558 566.16899 547 (001 004 003 005

Target KEA3

USCG6 Ground 206.88293 566.16389 453
RMTC 100-W92 Ground 206,68291 568,16392 458 (002 003 005 006

Target 1(611

USCOE Ground 206.93966, 566.179901 11567'

RMTC 10.06.92 Ground 206.93962 565.17993 1166 (004 003 001 005

Target KE12 I

USCOE Grournd 206.94520 566.18763 17 0' I
RMTC 10-06-92 Ground 206.945 24 566.187 48j 17 12, 004 (0 15i 004 016

Target KE13

USCOG Ground 206,.93469 1 5618 89, 1540
RMTC 10-06-92 Ground 206.93456 566.18893' 1545 005; 004; 005 008

Target KEJ1

USCOE Ground 206.883121 566.27052 947
RMTC 10-06-92 Ground 206.883 068 566,27053 950 (0 041 001 0 03: 005

Target KEJ2 I

US0"O Ground 206.8B7 47 566.275 84 8 00
RMTC 10-06-92 Ground 206.68745 586.27576 804 0 02 (0 181 0041 019

Target KEJ3 i I

USCOE Ground 206.88200 56627704 12641 .

RMTG 10-06-92 Ground 206.60197 56.276698 1264r (0034 (0061 OO1 007
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Table 4
Dolosse Target Movement Record from Ground Surveys
Kahului-West, Maui, Hawaii

HorlzorJ lOstui : I- Stlte Plane Cooidinate System. Zone 1
-• _ _ s =4=_==== ======== === == == :==z = === = :==== === = == = =•==== ý==== ==

Agovy 0g. Surey Noflhirv Easting E levurons
(Y) Feet (X) Feet (Ft) Feel Reairv.e Movemernt 'XZ Vector)

Y X Z Vector

TARGET IKWA1

USO rua 26901 54359 85-4
RMTC 10-05-92 Ground 206.9W072 564,37508 864 0.01 (001P 0101 010

TARGET. KWA2

USCOE Ground 206,98689 564.373 34 1216 I
RMTC 10-05-92 Ground 206,98689 564.378 32! 1221 000 (0.02 011 011

TARGET KWA3 I

USCOE Ground 206.98546 ! 564.372.57 1048
RMTC 10-05-92 Ground 206.985.46 564.372 58 1057 000 001 011 011

TARGET KW9~iI

USCOE Ground 207.060 20 564.48630 775 I
RMTC 10-05-92 Ground 20706021 564.48635 7 78 0.011 005 003 0.06

TARGET KW62

USCOE Ground 207.064,8 564.49158, 9 29
RMTC 10-05-92 Ground 2076064.92 564.491 63 934 004 0

TARGET KW63 r

USCOE Ground 207.05808 564.49329 738
RMTC 10-05-92 Ground 207.058 11 564,493 31 40 003 002 004 005

TARGET KWC1 j
USCOE Ground I 207,111 tI :•4 b14 45 C, 651 =
RMTC 10-05-92 Ground 207,111.52 564.61446 1087 000 001 0021 002

TARGET KWC2

USCOE Ground 207,10509 564.607 87 1672,
RUIC 10-0592 Ground 207,105 091 564,607 8 1676 0.00 000 004 94

TARGET WC,3

USCOE Ground 207.11405 564.60388 12 12
RMTC 10-05-92 Ground 2071114071 564.60388 1215 002 000 003 004

TARGET KWD1 . I I
USCOE Ground 207.141 40 564.698 16i 11 72! I
RMTC 10-05-92 Ground 207.141 56 564.698 20; 11 761 016 0041 004 017

TARGET KWD2 
0 0

S........................ 1 1 I
Ground 207.15346 56469,.15, 12781

RMTC I0-05-92 Ground 207153471 564.694 051 12 82 0 01 000 010 010

TAI I I
TA.GET KWVD3;

USCOE Ground 207.144071 S64.687 20 17001 I
RMTC 10-.5-92 Ground 207.144 06 564.68722! 1703- (0011 001 003 003

TARGET KWE1 I

I'SCOE Ground 207.17346 584.78793 1409
RMTC 10-05-92 Ground 207.17341 544.78794 1412 (0 051: 001 003 0 06

TARGET KWE2

USCC OE Ground 207.18557 b564.789 00 !1 71

RMTC 10.05-92 Ground 207.18555 564.788 98 1 1 74 (02 ( 2 031 004

T A R G E T K W F .3 k 5 4 . 7 6_u S 0GE_ Gron 207.180 11 84772 23RMIC 10-05-92 Ground 207.180 06 564.77763 1216 (0605 0011 003 006

(Continued)
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Table 4 (Concluded)
H ori'zontl Dalum H r S-ate itarne C oordnrate SyýIre. Zone i

•Ai~er('/ Ote Surw•-.' tNk,'ih,g E anr.." Elevat.on6

Ml' Feet (XI -. m (FI) Feet Rpiat.se moeen1t (yyZ *Vecto,)

Y X Z Vector

US E Grouq"d 207.14876 564.6n396 1318

RTC 10-0"5-92 Gound 207.148721 
5 6 4

.80393 1321 ( (004 (003 003 006

TARGET KWF2 .

Ground 20715011 1

RWTC 10-0-.2 Grournd 20715011' 564.61,6 12: 1014 000 (001] 001 001

TARGET IONF3Il

USCOE Ground 207.15817 564.81055 17188

AUTO 10-05.92 Ground 207,158 11' 564.8055 1791! (0061 000 003 007

TARGET KWG-j

USCOE Ground 207.10046. 564.79579 11 I
R ETKc 10.,:.5o92 Groun-d 207.100451 564,79577 1112 1001) (002 002 003

i.6006 I GroJnd 207.09828 5.4.805 42 9 26 0
RMTC W1005-92 Ground 207.09826 5648040 92 0 (002 002 003

TARGET KWG3AM2 
56.040 98 001(2 02 03

USCI'S Ground 207.10764 564.802,0' 10o68

RMTC 10.05-92 Ground 207.10784 564.802756 1068 000 (004 000 004

TARGET KWI. I0

USCOC G'ound 201.075530 164.753.61 90
RMTC 1005-92 Ground 207044 631 564.753761 9 0 040 000

Giound 207.035463 564.75' 37 937TA PGET KW H-2!I

RMTC 1005-92 Grund 207.035 81 j564.744701 907 001 001 004 004

USCO;E ' I rOUnd 207,03294 564.75616e 12 87!

RMATO 10.05-92 Ground 207.03294- 564.75614 1269 000 (002? 002 003

TARGET KWO

UROGE Ground 207.032 85 564.592 43 1 8 05'
MTHC 1 05-92 Ground 2)7,03284 5,ý4.592 52 6 12' (0 01) 009 007 01

u SCO F Grou,"d 207 031 22' 564 5 47 2 g; G, 76

RMTC 10,05.92 Ground 0.3129 %4,5,• 135 6, 7}' 0017 jW, 001,i 009

TARGET K13I2S... ........... .....
i

LSCOE Gro.vr 2007.02 027: 564.593719 , 676
RUTO 10-25-92 Ground 27,028 7.0 1 564.593325. 6 10 (001) 00' 001, 002
TARGET KWJ1 GrounId 2!

R-MTC-- 10,05.92 Ground 20 9 8 14. '.72181 4 7tC0 2 0 5 r

TARGET KWJI 2

USA( (]-ound 2 700 %54.46 O 91 437
RMTL• 10"05-92 Ground 2070.80 3 564.5904 610 001) 001 007 009

TARGET KWJ3 I I I

USCOE Ground 205.972 121 564 4288 4 71 1

TARGE 929 Ground 206973 1 %.466901 , .

RMTC 10-0592 Groujnd 206•.972 15 564.46691 477 003: 0031 0o06 007
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Aerial Photography

High-resolution stereo-pair, aerial photographs were obtained on two
different occasions (Table 5) for each of the breakwaters from fixed-wing
aircraft. At least four monuments were established for control of each stereo
pair and these controls were verified or reestablished before each flight.
Horizontal control was based on the Hawaii State Plane Coordinate System
and elevations were referenced to mllw. Photographs were to be acquired
with a combination of camera lens and airplane elevation that would result in
negatives and contact prints with a minimum scale of 1 in. equal to 100 ft.
As seen in Table 5, all photographs met or exceeded this requirement. The
stereo pairs for one flight for each breakwater are shown in Figures 15-19.

Table 5
Listing of Stereo-Pair Aerial Photographs

Breakwater Scale(s) of Negatives Date of Photographs

Laupahoehoo 6 in = 500 ft 10 October 1991

Laupahoehoe B in = 500 ft 11 November 1992

Kahului West Bin = 500 ft & 6 in 400 ft 19 October 1991

Kahului West 6 in = 500 ft a January 1993

Kahului East 6 in = 600 ft 19 October 1991

Kahului East. 6 in = 500 ft 8 January 1993

Photogrammetric Analysis of Armor Unit Targets

Stereo pairs were placed in t Wild Heerburg BC3 Analytical Stereoplotter
,nd coordinates of the armor unit targets were read and recorded. These data
are presented in Appendix A. For each target, the following information is
listed: (a) date of flight, (b) survey type, (c) Northing, Easting, and Elevation
coordinates, (d) relative change in coordinates since last aerial flight, and
(e) cumulative change in coordinates since first aerial flight. In this case,
since only two flights have been made, relative and cumulative values are the
same. Data for Laupahoehoe are presented first, then East Kahului, and
finally, West Kahului. The purpose of the photogrammetric analyses of the
targets was to compare these data to data derived from ground survey work
(Tables 2-4) to establish the accuracy of photcýgrammetric work and thus give
validity to the detection methods that were used to ascertain armor unit
movement on the breakwaters. Comparisons of the September 1991 ground
survey data and the October 1992 aerial data are presented in Table 6 for East
Kahului, West Kahului, and Laupahoehoe breakwaters. Plots of these data are

Chapter 2 Monitoring Plan and Data 
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Figure 15. Stereo pair photographs of Laupahoehoe breakwater taken
10 October 1991
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Figure 16. Stereo pair photographs of outer portion of Kahului West breakwater

taken 8 January 1993
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i
Figure 17. Stereo pair photographs of •nner porton of Kahulu• West breakwater

taken 8 January 1993
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Figure 18. Stereo pair photographs of outer portion of Kahului West breakwater
taken 8 January 1993
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Figure 19. Stereo pair photographs of inner portion of Kahului West breakwater

taken 8 January 1993
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presented in Appendix B. Both the plots and tabular data show close
comparison between ground and aerial survey data. No storm conditions
occurred between the September 1991 ground survey and the October 1991
aerial flights, so no armor unit movement was anticipated. Therefore, th ,e
two data sets provide a good check of the accuracy of the photogrammetr
analyses. The data show typical differences of a few hundredths of a fou
becween the ground and aerial surveys of targets. Maximum differences were
equal to or less than 0.17 ft, and this level of difference was rare in the data
set. In the armor unit movement analysis discussed later in this report, efforts
were made to resolve magnitudes of armor unit movement that equaled or
exceeded 0.5 ft. These data show that this accuracy can be resolved using
photograrnmetric analysis.

Photo Maps

Aerial images were used to produce halftone, screened, and rectified photo
maps of the armor unit fields and concrete rib cap areas on the East and West
Kahului breakwaters and the entire Laupahoehoe breakwater. These photo
maps are in positive reverse reading form on 28-in. by 40-in. double-matte
Mylar sheets and were produced at a scale of 1 in. equals 20 ft. These high-
resolution maps allow for visual inspection of the above-water portions of the
bre-akwaters and comparison between maps produced during different time
periods. Reduced reproductions of the 10 October 1991 photo map for
Laupahoehoe, and 8 January 1993 photo maps of Kahului West and Kahului
East, are presented in Figures 20-22, respectively. Full-scale, original photo
maps for both years' aerial flights are on file at the authors' offices at WES
and POD.

Armor Unit Movement Detection

A methodology was developed to detect movement that occurred between
successive aerial surveys of all armor units visible above the waterline.
Breakwater stereo pairs taken (luring the first year's flight were mounted in
the stereoplotter and the XYZ coordinates of three prominent, reproducible
points on each visible armor unit were read and recorded in a computer file.
The second year's stereo pairs then were analyzed in the same manner. The
two coordinate files then were converted to AutoCAD files and when both
files were displayed on a video screen armor unit, movement between the two
years was easily detected. Ccordinates of the points for the armor units which
appeared to show movement equal to or greater than 0.5 ft were stored to
separate filc and magnitudes of the XY vector changes for each of the three
points on the armor unit were calculated. Table 7 presents the data on
10 armor units that met or exceeded the threshold movement between the 1991
and 1993 aerial flights. All of these units were on the Kahului breakwaters
(six and four on the wst and east breakwaters, respectively). No units
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meeting the threshold movement were detected on the Laupahoehoe
breakwater. The point showing maximum magnitude for each of these
10 units was noted by arrows designating direction and magnitude of
movement on transparent overlays for the 1993 photo maps. These movement
vectors are shown on the photo maps displayed in Figures 21 and 22.

When the breakwaters are reinspected and subsequent aerial flights are
made, this movement detection methodology will be used to determine and
present armor unit movement. This will allow subtle changes occurring on
the breakwaters, which are typically missed during normal visual breakwater
inspections, to be quantified. During past inspections of the older rib cap
areas of the Kahului breakwaters, it could not be determined whether the gaps
between the rib cap and armor units on the upper sea-side slope were
increasing or whether that was how these areas were constructed. Through
periodic aerial photography and application of this movement detection
analysis, areas in the armor unit fields that are showing movement can be
detected and monitored more closely to determine the probable causes of
changes. In some areas, motion above the waterline may indicate changes
occurring under the water that could be jeopardizing the structural integrity of
the breakwater. Also, when storms occur at a level that could result in armor
unit motion, these analysis methods can be applied to measure the resulting
changes and response of the breakwaters to these storms.

Helicopter Inspections

In April 1992, low-level helicopter inspections were made of the Kahului
and Laupahoehoe breakwaters to obtain closeup 35-mm photographs. ThT
35-mm photographs, along with aerial photographs showing the approximate
locations of these photographs, are shown in Figures C1-C16 in Appendix C.
The purposes of these inspections were: (a) to provide oblique photographs
that could easily be viewed to gain insight into the conditions of the
breakwaters, and (b) to obtain a count of visible armor unit breakage.
Findings from the inspections and review of the 35-mm photographs and the
1991 stereo pairs revealed that 13, 3, and 0 armor units were broken on the
Kahului West and East breakwaters and the Laupahoehoe breakwater,
respectively. Selected 35 mm photographs were combined with the rectified
photo maps to show details of armor unit breakage locations on the Kahului
breakwaters. These were reduced and are presented in Figures 23 and 24. In
September 1992, a walking inspection of the Kahului breakwaters was carried
out by Melby and Turk (1993) to obtain details on concrete armor unit
breakage for input to ongoing research being funded under work units in the
Coastal Engineering Research Program and the Repair, Evaluation,
Maintenance, and Rehabilitation Research Program. Close study of the
structures revealed that 28 and 11 units were broken on the West and East
Kahului breakwaters, respectively. These breakage figures, along with those
revealed from the aerial inspections, are presented in Table 8.
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Table 8
Concrete Armor Unit Breakage Summaries for Kahului
Breakwaters

Number broken Number
rcacked

Size

Breakwater Armor tone Aerial Melby and Melby
Turk and Turk

West Dolos 30 5 8 3

West Doles 20 5 13 4

West Tribar 19 2 6 5

West Tribar 50 0 1 0

West Tribar 6.5 1 0 0

East Dolos 3 0 0 1

East Dolos 6 3 9 0

East Tribar 35 0 2 2

The walking inspection by Melby and Turk (1993) occurred several months
after the aerial inspections, but the time factor does not account for the
onsiderably larger number of broken armor units revealed by the hands-on

inspection when compared to the aerial surveillance results. The difference is
associated with the difference in accuracy and visibility between the two
methods. The aerial inspection does not pick up on the cracked, but yet
unbroken, units, and the broken units in shadows, in the splash zones and in
the underlayers. This observation shows that breakage counts obtained from
the aerial, or remote sensing, technique must be understood to not be totally
accurate and for a definite understanding of breakage quantities, a hands-on
walking inspection of the armor unit fields is essential. The aerial inspection
fulfills its anticipated results in that it will reveal to some degree the breakage
and its distribution and it will give insight into when closer inspections of the
armor unit fields are needed to ascertain accurate counts on armor breakage.
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3 Summary

By means of limited land surveys, low-level helicopter inspections with 35-
ram photography, aerial photography, and photogrammetric analysis, base
conditions have been established for the Kahului and Laupahoehoe
breakwaters. Accuracy of the photogranimetric analysis techniques has been
checked through comparison of ground and aerial survey data on armor units
that had been specifically targeted and surveyed for this purpose. A method
using high-resolution, stereo pair aerial photographs, a stereoplotter and
AutoCAD files, has been developed and tested to analyze the entire above-
water armor unit fields to quantify armor unit movement that exceeds a
threshold value of 0.5 ft. During testing of the method, it was observed that
very little change, in regard to armor unit movement, occurred during the
1991-1993 monitoring, but this should be anticipated, as the wave climate to
which the structures were exposed was very mild during this time period.
Low-level helicopter surveys of concrete armor units revealed no breakage on
the Laupahoehoe breakwater and only minimal amounts of breakage on the
Kahului structures. A walking inspection of the Kahului breakwaters
conducted under another research study revealed higher levels of armor
breakage than found by aerial studies. The level of breakage is still minimal,
but the area at the confluence of the sea-side of the head and trunk of the west
breakwater is beginning to show a slight concentration, or cluster, of breakage
and this area should be monitored more closely than other areas. Also, the
land-based breakage survey revealed that the accuracy of aerial breakage
inspections can be questionable and that for more accurate armor unit
breakage counts, detailed walking inspections should be conducted over the
armor unit fields.

Now that the base (control) conditions have been defined at a point in time
and a method has been developed to closely compare subsequent years of
high-resolution aerial photography of the Kahului and Laupahoehoe
breakwaters, these sites will be revisited during future years under the
Periodic Inspections work unit to gather data by which assessments can be
made on the long-term response of the structures to their environment.
Insight gathered from these efforts will allow definite decisions to be made
based on sound data as to whether or not closer surveillance and/or repair of a
structure is required to reduce the chance that it will fail catastrophically.
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Also, the periodic inspection methods developed and validated for these
structures can be used to gain insight into other Corps' structures.
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Appendix A
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Armor Unit Target Movement Record From Aerial Surveys

Laupahoehoe Breakwater, Hawaii

target Id: Al Type of Survey: AERIAL

Date Survey t'orthirng(Y) ft. Eaiting(x) t. E(lev.(Z) ft. Relative Moycesent (YXZ/ Curmutlarive M•Cvernent (TXI)

91/10/10 AERIAl 42.935.;0 588582.69 11 .6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

92111/22 AERIAl. 421935.34 588362.M8 11.94 0.04 -0.01 0.08 0.09 G.04 -0.01 (1.08 0.09

Target Id: A2 Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Eastlng(X) ft. Eoev.tZ) ft. Relative Movement (YX2) Cumulative Moveement !.S/I

91/10/10 AERIAL 421928.98 S8,392.93 15.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

92/11/22 AERIAL 421929.03 5&8392.89 15.35 0.05 -0.04 0.05 0.08 0.05 -0.04 0.05 0.08

larget Id; A3 Type of Survey: AERIAL

Date Survey Nor!•hin(tT) ft. EaSting(X) ft. E|eo.(Z) ft. Relative Movewent (1X2) Cumutative Movemrent (TXZ)

91/10/10 AERIAL 421922.73 588383.31 10.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

92/11/22 AERIAL 421922.77 588383.29 10.51 0.04 -0.02 0.03 0.05 0.04 -0.02 0.03 0.05

Target Id: 81 Type of Survey: AERIAL

cat, Survey Rorthing(Y) ft. Eastirn(Y) ft- Elev.(Z) ft. Retrtive Movement (0)2) C-rntative Moverert (YXZ)

91/10/10 AERIAL 421884.27 588392.28 10.62 0.00 0.00 0.00 0.00 0.00 0.00 0.CO 0.00

92/11/22 AERIAL 421854.27 588392.30 10.74 0.00 0.02 0.12 0.1/ 0.00 0.02 0.12 0.12

Target I: 82 Type of Survey: AERIAL

Ciate Survey Morthing(T) ft. Eastln0(X) ft. EIe,.(Z) ft. Relative Movement (YX2) Curulative Movement (YXZ)

9!1!0/!^ AtR;A5 421874.77 0983^18.30 15.• 0.00 0.00 0.00 0.03 0.0 .0.00 0.Co 0.00

"92111/?2 AERIAL 421874.78 588398.31 15.91 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01

larget Id: 9S Type of Survey: AERIAL

cate Survey Worthlrng(Y) ft. Easting(X) ft. flev.(Z) f!. Relative Povenent (YXZ) Curriu atioe Movement (YXZ)

91/10/10 AERIAL ,21872.67 588387.29 10.53 0.00 0.00 0.00 0.00 5.00 0.00 C.00 0.00
92/11/2? AERIAL 421872.70 588387.44 10.50 0.03 0.15 "0.03 0.16 0.03 0.15 -0.03 0.16

lar,,gt "d: CI Type of Survey: AERIAL

tate SuYvlf Morthrrg(Y) ft. East-q:o(X) ft. Etev.(?) ft. Relative Move•ent (vxZ) Cumulative Movernent (YXZ)

ir4/10/10 AEPIA, (.21181?0 1t 588389.72 5.52 0.00 0.00 0.0 0 00 0.00 0.00 0.00 0.05
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Armor Unit Target Movement Record From Aerial Surveys
Laupahoehoe Breakwater, Hawaii

Target Id- CT Type of Sirvey: AERIAL

Date Survey Northirtg(T) ft. Easting(X) ft. Elev.(Z) ft. Relative Movemenit (YXZI Cumultative Movemen~t (YXZI

92/11/22 AERIAL 421862.53 58839.73 5.55 0.00 0.01 0,03 0.03 0.00 0.01 0.03 0.03

Target Id. C2 Type of Survey: AERIAL

Date Survey MorthingET) ft. Eastingrx) ft. ELev.(Z) ft. Relative Movement (TXZ) CumutLative Movement (YXZ)

91/10/10 AERIAL 421858.28 588399.46 11.93 0.00 0.00 0.00 0.00 0.00 0.00 0_00 0.00

92/11/22 AERIAL 421858.29 588399.46 11.89 0.01 0.00 -0.04 0.04 0.01 0.00 -0.04 0_04

Target Id: C3 Tfpe of Survey: AERIAL

Date Survey Worthing(Y) ft. Easting(X) ft. Etev.(Z) ft. Relative Movement (YXZ) Cumu lative Movement (TxZ)

91/10/10 AERIAL 421850.1. 588390.99 7.83 0.00 0-00 0.00 0.00 0.00 0.00 0.00 0.00

92/11/22 AERIAL 421850.21 58W391.03 7.90 0.07 0.04 0.07 0.11 0.07 0.04 0,07 0.11

Target Id: D1 Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Eesting(x) ft. Etev.(Q) ft. Re~ative Movement (YXZ) Cumulative Movement (YXZ)

91/10/10 AERIAL 421851.88 588354.78 5.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

92/11/22 AERIAL '21851.86 5M54.75 5.60 -0.02 -0.03 -0.01 0.04 -0.02 -0.03 -0.01 0.04

Target Id, 02 Type of Survey: AERIAL

Date Survey Northing'Y) ft. Eastinq(X) ft. Elev.[Z) ft, Relative Movement (0XZ) Cumulative Movement (4XZ)

91/10/10 AERIAL 421844.93 8,8361.97 13.06 0.00 0.00 0.00 0.00 O.OG 0.00 0.00 0.00

92/1122 AERIAL 421844.95 588361.93 13.06 0.02 -0.04 0.00 0.04 0.02 -0.04. 0.00 0.04

Target Id: 03 Type of Survey: AERIAL

Sate Survey Northing(Y) ft. Easting(k) ft. Elev.(Z) ft. Relative Movement (XZ) Curulative Movement (TXZ)S........ -.. . .. . ................. . ................ ............... ..................................... .................... i

91/10/10 AERIAL 421840.32 588351.09 9.09 0.00 0.00 O.O 0.00 0.00 0.00 0.00 0.00

92/11/22 AERIAL 421840.29 588351.06 9.09 -0.03 -0.03 0.00 0.04 -0.03 -0.03 0.00 0.04

Target Id: El type of Survey: AERIAL

Date Survey Northinj(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) CuNilative Movener.c (Yxz)

91110/10 AERIAL 421894.18 588362.41 8.19 0.00 0.60 0.00 0.0j 0.00 0.00 0.00 0.00

92/11/22 AERIAL 421894.20 588362.41 8.21 0.02 0.00 0.02 0.0W 0.02 0.00 0.02 0.03

Target Id: E2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Eiev.(Z) ft. Relative Move4ent 1YXZ) Cumulative movement (YxZ)

91110/10 AERIAL 421881.53 588362 27 8.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

92/11/22 AERIAL 421881.54 588362.25 8.73 0.01 -0.02 -0.04 0.05 0.01 -0.02 -0.04 0.05

Target l: Ef3 Type of Survey: AERIAL

Date Survey Northinq(Y) ft. Eastlng(X) ft. ELev.(Z) ft. Relative Movement (YXZ) Cumtulative Moveqent (YXZ)

........................................................................... 
............... ....... ........ ......

91/10/10 AERIAL 421888.12 588352.27 12.16 0.00 0.00 0 00 0.00 0.OC 0.00 0.0 O 0.5.O

92/11/22 AERIAL 421888.10 588352.26 12.20 -0.02 -0.01 n t4 0.05 -0.02 -0.01 0.0 0.05
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Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

Target Id: Al type of Survey: AERIAL

Dale Survey Rorthing(Y) ft. Easting(x) ft. Efev.(Z) ft. Relative Moveent (YXZ) Cumulative Movevent ()1(2)

91110/19 AERIAL 206888.43 56616,.38 5.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93101/08 AERIAL 2068 .&41 566164.38 5.28 -0.02 0.00 0.01 0.02 -0.02 0.00 0.01 0.02

Target Id: A2 Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Easting(X) ft. Rlev.(Z) ft. Relative Movement (XZ) Cumulative Movement (YXZ)

91/10/19 AERIAL 206885.34 566169.28 5.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206885.34 566169.26 5.54 O.0C -0.02 0.07 0.07 0.00 -0.02 0.07 0.07

Target Id: A3 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Eastigl(X) ft. Etev.(Z) ft. Relative Movement (YXZ) Caiutative Movement (YXZ)

91/10/19 AERIAL 206882.66 566164.18 4.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206882.66 566164.15 4.41 0.00 -0.03 0.05 0.06 0.00 -0.03 0.05 0.06

Target Id: 81 Type of Survey: AERIAL

Date Survey NorthinglYl ft. Eastirug(x) ft. Elev.(Z) ft. Relative Movement (1XZ) Ctiuralat've Movement (t1Z)

91/10/19 AERIA'. 207112.85 565756.85 6.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
93/01/08 AERIAL 207112.94 565756.76 6.45 0.09 -0.09 0.05 0.14 0.09 -0.09 0.05 0.14

Target Id: 2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Etev.(Z) ft. Relative movement (YXZ) Ousulative Movbn•et ('XZ)

91/10/19 AERIAL 207107.46 565755.61 4.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207107.54 565755.49 4.70 0.08 -0.12 0.05 0.15 0.0R -0.12 0.05 G.15

Target Id: 83 Type of Survey: AERIAL

Date Su~rvey Northing(l) ft. Rasting(x) ftL Eiev_(2) ft. Relative Ifovewmt (It?) Cuzmulative Movement (1121

91110119 AERIAL 207111.56 565751.41I 4.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
93/01/08 AERIAL t07111.64 565751.33 4.82 0.08 -0.08 0.03 0.12 0.08 -0.08 0.03 0.12

Target Id: Cl Type of Survey: AERIAL

Sate Survey Rorthing(Y) ft. Easting(x) ft. Etev.l() ft. Relative Moverent (YXZ) Cumruative Moveennt (YXZ)

91/10/19 AERIAL 207201.73 565596.66 7.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0'0
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Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

larget Id: C1 type of Survey: AERIAL

Date Survey Northing(y) It. fasttrigcx) ft. Etev.(Z) ft. Relative Moveement (?XZ) CLmuLtative Movement (YXZ)

93/01/08 AERIAL 207201.62 565596.80 7.82 -0.11 0.14 0.11 0.21 -0.11 0-14 0.11 0.21

Target Id: C2 Type of Survey: AERIAL

ý.te Survey ko-thing(Y) ft. East~nj(X) ft. Elev.(2) ft. Retative Move•rent (YXZ) CumuLative Mov~eqait (YXZ)

91/10/19 AERIAL 237210-37 56597.01 10j.,6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93101/08 AERIAL 207210.26 565592.19 10.66 -0.11 0.18 0.20 0.29 -0.11 0.18 0.20 0.29

Target Id: C3 Type of Survey: AERIAL

Date Survey IiorthirQ(Y) ft. Easting(K) ft. Etev.(?) ft. Relative Moverment (YYZ) CuruLative Movement (YXZ)

91/10/19 AERIAL 207209.57 565602.11 10.95 0.00 0.CO 0.00 0.00 0.00 0.00 0.00 0.00
93/01/08 AERIAL 207209.47 565602.26 11.01 -0.10 0.15 0.08 0.20 -0.10 0.15 0.08 0.20

la6,9t Id: Di Type of Survey: AERIAL

bate Suifver Northirng() ft. fasting(X) ft. Elev.(Z) ft. Relatire 1Movement (0XZ) Cunutati'e Movemfent (YXZ)

91/10019 ALIIL 207271.93 565609.14 17.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01108 AIRIAL 207,71.74 565609.2/ 18.13 -0.19 0.13 0.16 0.28 -0.19 0.13 0.Ie 0.28

Tergtt Id: 0? 1ype of Survey: AERIAt

Date Sirvey Rurtthrmg(Y) ft. fastingM() it. Etev.(Z) ft. Relative .oveeieit (YXZ) Cumulative Movmenwt (YXZ)S......... ... .................................................................................................................

91/10/t 1 ARIA. 207272.99 565oZ1.00 14.1.6 0.00 0.00 0.00 0.0C 0.00 C.00 0.00 0.00

* o;,• 2•- ?26??.i S• . .0 14.31 -0.18 0.08 0.15 0.25 -0.18 0.08 0.15 0.25

target Id: D3 Type of Survey: AERIAL.

(Igle Sj.rvey Morthirngi) ft. L I:t-.g:ri it. ELev.(Z) ft. Relative Noven.mt (YXZ) Cumullative Movefetrnt (YXZ)

91/10/19 AERIAL 207762.•2 565614.33 13.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
93/01/G8 AERIAL 207267.25 1,l5614.50 12.04 -0.17 0.17 0.30 0.38 -0.17 0.17 0.30 0.38

ta'get I.,: [I Tyr" of Survey,: AERIAL

'Oat. furvey korltringft) ft. Ea~ting(X) ft. Etev.(Z) ft. Relihtive? Xoleatent (YXZI CisauLacivc Moverinent (YXZ)

9'110/19 AORIAI 2102)90.01 565f69.83 13.81 (.00 0.00 0.00 0.00 0.00 0.00 0.00 0 Co

9j/0 I11 8 AERIAL 2072 98.8 • 565669.87 13.84 -0.15 0.04 0.03 0.16 -0.15 0.0 4. 0.03 0.16
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Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

Target 3d: E2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. ELev.(Z) ft. Relative Movement (YXZ) CumuLative Movement (YXZ)

91/10/19 AERIAL 207297.99 565681.97 16.32 0.00 0.00 0 00 0.00 0.00 0.00 0.00 0.00

93101/08 AERIAL 207297.86 565682.00 16 32 -0.13 0.03 0.00 0.13 -0.13 0.03 0.00 0.13

Target Id: E3 Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Easting(X) ft. Elev.(Z) ft. ReLative Movement (YXZ) Cumulative Movement (YXZ)

91/10/19 AERIAL 207287.88 565675.75 12.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207287.77 565675.77 12.24 -0.11 0.02 0.07 0.13 -0.11 0.02 0.07 0.13

Target I11: F1 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. ReLative Movem t (1xZ) Cumitative Movement (YXZ)

91/10/19 AERIAL 207265.60 565722.84 13.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207265.55 565722.83 13.63 -0.05 -0.01 0.01 0.05 -0.05 0.01 0.01 0.05

Target Id: F2 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. ELev.(Z) ft. ReLative Movement (YXZ) CLmulative Movec.ent (YXZ)

91/10/10 AERIAL 207271.72 565732.39 8.49 000 0.00 0-00 0.00 0.00 0.00 0.00 0.00
93101/08 AERIAL 207271.71 565732.38 8.46 -0.01 -0.01 -0.03 0.03 -0.01 -0.01 -0.03 0.03

Target Id: F3 Type of Survey; AERIAL

Date Survey Morthing(T) ft. Eastlng(x) ft. ELev.(Z) ft. Relative Movement (YXZ) Cumutatlve Movement (YXZ)

91/10/19 AERIAL 207259.06 565732.56 9.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207259.09 565732.52 9.25 0.03 .0.04 -0.05 0.07 0.03 -0.04 -0.05 0.07

Target Id: Cl Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Easting(x) it. Etev.(Z) ft. Relative Movement (YXZ) CuauLative Movemnent (YXZ)

%1/10/19 AERIAL 207222.09 565749.87 9.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93101/08 AERIAL 207222.09 565749.82 9.71 0.00 .0.05 0.01 0.05 0.00 -0.05 0.01 0.05

Target Ld: aG Type of Survey: AERIAL

Date Survey MorthingiY) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) Cutulative Movement (YXZ3

91/10/19 AERIAL 207228.79 565755.58 10.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Armor Unit Target Movement Record From Aerial Surveys
East Kahulul Breakwater, Hawaii

target Id: 32 type of Survey; AERIAL

Date Survey Morthing(Y) ft. Easti(gmX) ft. ELev.(Z) ft. Relative Movement (TXZ) Cumulative Movemenit (YX2)

93/01/08 AERIAL 20l2028.8 565758.4 10.55 0.01 -0.07 "0.05 0.11 0.01 -0.10 -0.05 0.11

Target Id- G3 Type of Survey: AERIAL

Date Survey NorthitN(Y) It. Eaotirtg(ti) ft. fev.(Z) ft. Relative Movement (YXZ) Cumulative Movement (YXZ)

91/10/19 AERIAL 02008.255 565996.15 9.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/C8 AERIAL 207220.19 5659.051 9.25 0.15 -0.07 -0.11 0.29 0.01 -0.07 -0.04 0.29

Target Id: HM Type of Survey: AERIAL

Date Survey R¢Wthing(Y) ft. (iatingIX) ft. Elev.(Z) ft. Relative Iovemant (TXZ) Comjtative Movement (YX2)

91/10/19 AERIAL 207,55.021 6596,16 15.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0I0
93/01/08 AERIAL 207050.31 565996.02 15.93 0.15 -0.10 0.11 0.21 0.15 -0.10 0.11 0.21

Target Id: NZ Ty.pe of Survey: AERIAL

Oate Survey morthlfL(y) ft. ("gtir(X) ft. ELev.(Z) ft. Relative Movement (Y0Z) Camqu.tative Movement (YXZ)

91/10/19 AERIAL 207065.0. 566006.31 15.83 0.00 0.00 0.00 0.00 0.00 0.00 0.010 0.00

93/01/08 AERIAL 20?O75.14 566007.23 15.90 0.10 -0.09 0.0 0.19 0.10 -0.0 0.07 0.15

Target Id: N3 Type of Survej: AERIAL

Date Survey lo-thi::(l) ft. astirng(X) ft. E~ev.(Z) ft. Relative movement (YxZ) Cuataative movement (YXZ)

91/10/19 AERIAL ?2071Z.93 S6007.63 15.1.61 0.00 0.00 0.00 0.00 C 00 0.00 0.00 0.00

93/01/08 AERIAL 2(*Y33J.0 S46007.53 15.25 0.10 -0.10 0.10 0.19 0.10 -0.10 0.10 0.19

Target It: ;I Ty* cr, Survey: AIERIAL

Date S.rvey Noe-hJlg{y) ft. Eattlrg(X) ft. Ekev.(Z) It. Relative Movemrent (VXZ) Cuutiative Movement (YXZ)

91/10/19 AERIAL n S.43 U65180.19 11.61 0.00 0.00 0.00 0.00 C )0 0.00 0.00 0.00
93/1/081 AERIIAL Y.06-7s) 41. 5661. 15 11.51 0.00 -0.04 -0.10 0.11 O.QD 0.• -'0.10 0.11 _

target Id: 12 Type of Survey: AERIAL m

Date Survey ftw%-qv..••ftT ft. fastlrg) ft. Etev.(2) ft- Relative Moveirient (YXZ) Cuigutative ,,v,•-o, (YXZ,

91/11P/19 AERIAL Z".,.0'. ', .I 546,.lI7.77 17,04, OO 0.00 000 1.00 0.00 0.00 0.00 0.00 0.,0

93/01/08 AERIAL "6'1 Sr187.7( 16.97 0.01 -0.01 -0.07 0.07 0.01 -0.01 -0.07 0.17

Apperidix A Aerial Survey OatD for Amvor Urat Ttige1t A7



Armor Unit Target Movement Record From Aerial Surveys
East Kahului Breakwater, Hawaii

Target Id; 13 Type of Survey: AERIAL

Oate Survey Northing(Y) ft. Easting(X) ft. Eiev.(Z) ft. Relative Movement (YXZ) CumuLative movament (YXZ)

91/11/19 AERIAL 206934.45 566189.22 15.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206934.43 566189.19 15.30 -0.02 -0.03 -0.04 0.05 -0.02 -0.03 -0.04 0.05

Target Id: JI Type of Survey: AERIAL

Date Survey MorthingtY) ft. Easting(x) ft. ELev.(Z) ft. Relative Movement (YXZ) Cumutative Movement (YXZ)

91/10/19 AERIAL 20688.88 566210.84 9.44 0.00 0.00 0.t0 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206882.86 566270.83 9.37 -0.02 -0.01 -0.01 0.07 -0.02 -0.01 -0.07 0.07

target Id: J2 Type of Survey: AERIAL

Date Survey Morthing(T) ft. Easting(x) ft. Etev.(Z) ft. Relative Movement (TXZ) Cumulative Movement (YXZ)

91/10119 AERIAL 206&87.36 566276.09 7.95 0.00 0.00 0.00 0.00 0_00 0_00 0_00 0.00

93/01/08 AERIAL 20688W.23 566276.13 7.91 -C.13 0.00 -0.04 0.14 -0.13 0.04 -0.04 0.14

Target Id: J3 Type of Survey: AERIAL

Date Survey Worthing(Y) ft. Eastingl(X) ft. Elev.(Z) ft. Relative movement (YXZ) Cumulative Movement (TXZ)

91/10/19 AERIAL 206881.75 56627-7.30 12.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

95/01/08 AERIAL 206881.72 56627"7.32 12.56 -0.03 0.00 -0.0, 0.05 -0.03 0.00 -0.04 0.05
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Armor Unit Target Movement Record From Aerial Surveys
West Kahului Breakwater, Hawaii

Target Id: Al Type of Survey: AERIAL

Date Survey Morthing(Y) ft. Easting(X) ft. ELev.(Z) ft. kelative Movement (TXZ) CUl•Jtative Movement (YXZ)

91/10/19 AERIAL 206990.76 564375.09 8.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206990.72 564374.97 8.51 -0.04 -0.12 -0.02 0.13 -0.04 -0.12 -0.02 0.13

Target Id: A2 Type of Survey: AERIAL

Date Survey Northing(y) ft. Easting(X) ft. ELev.(Z) ft. Relatiie Movement (TXZ) Cumulative movement (YXZ)

91/10/19 AERIAL 206986.92 564378.3t- 12.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 206986.89 564378.20 12.16 -0.03 -L.14 0.04 0.15 -0.03 -0.14 0.04 0.15

larget Id: A3 Type of Survey: AERIAL

Date Survey Northing(y) ft. EastinC(x) ft. Etev.(Z) ft. Relative Movement CYXZ) Cumulative Movement (YXZ)

91/10/19 AERIAL 206985.48 564372.57 10.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01108 AERIAL 206985.46 564372.42 10.43 -0.02 -0.15 -0.04 0.16 -0.02 -0.15 -0.04 0.16

Target Id: 81 Type of Survey: AERIAL

Date Survey Rorthing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) Cumulative Movement (YXZ)S...................... ,....................... .................................................................................

91110/19 AERIAL 207060.11 5644-6.21 7.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207060.14 56.4486.33 7.84 0.03 0.12 0.09 0.15 0.03 0.12 0.09 0.15

Target Id: 82 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(rX) ft. Etev.(Z) ft. Relative Movement (YXZ) Cumulative movement (YXZ)

91/10/19 AERIAL 207064.83 564491.01 9.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207064.87 564491.58 9.38 0.04 0.10 0.05 0.12 0.04 0.10 0.05 0.12

Target Id: 83 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(x) ft. Eiev.(Z) ft. Relative Movemnt (YXZ) Cumutative Movement (YXZ)

91/10/19 AERIAL 207058.02 564493.18 7.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207058.06 564493.30 7.43 0.04 0.12 0.04 0.13 0.04 0.12 0.04 0.13

target Id: Cl Type of Survey: AERIAL

Date Survey Northing(Y) ft. EastinR(x) ft. Elev.(Z) ft. Relative Movement (YXZ) Cumulative Movement 4XXZ)

91/10/19 AERIAL 207111.54 564614.50 10.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Armor Unit Target Movement Record From Aerial Surveys
West KahulU Breakwater. Hawaii

Target Id: C1 Type of Survey: AERIAL

Eate Survey Rorthing(Y) ft. Easting(x) ft. Elv.(Z) ft. ReLative Rov-erit (1X2) CumiJative Movemert (TXZ)

93/01/08 AERIAL 207111.51 564614.52 10.84 -0.03 0.02 0.04 0.05 -0.03 0-02 0.04 0.05

Target 'd: C2 Type of Survey: AERIAL

Date Survey Rorthing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative movement ('XZ) CtumuLative Movement ((xz)

91/10/19 AERIAL 207105.12 564607.89 16.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/06 AERIA'. 207105.11 564607.90 16.67 -0.01 0.01 -0.08 0.08 -0.01 0.01 -0.08 0.08

Target Id: C3 Type of Survey- AERIAL

Date Survey Rorthing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movem'nt (XT) CumuJlativc move t (Yxz)

91/10/19 AERIAL 207114.09 !,A603.90 12.14 0.00 O.GO 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207114.05 564603.96 12.16 -0.04 0.06 0.02 0.07 -0.04 0.06 0.02 0.07

Target Id: 01 Type of Survey: AERIAL

Date Survey Io'thing(y) ft. Easti.ig(t) ft. Etev.(Z) ft. Relative Moveif~t (TYZ) Cisilative Mvent (TXZ)

91/10/19 AERIAL 207141.57 564698.16 11.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93101108 AERIAL 207141.53 564695.17 11.74 0.04 0.01 0.04 0.06 -0.04 0.01 0.04 0.06

Target Id: 02 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easttng(X) ft. Etev.(Z) ft. Relative Movvennt (fXZ) Caltative iovnent (XT)

91/10/19 AERIAL 207153.50 564694.02 1Z.T5 0.00 0.00 0.00 O.., 0.00 O.UO 0.00 '1.00

93/01/08 AERIAL 207153.42 564694.02 12.78 -0.08 0.00 0.03 0.09 -0.08 0.00 0.03 0.09

larget Id; 03 Type of Survey: AERIAL

Date Survey NorthlnotY) ft. Ebsting(X) ft. Eiev.(Z) ft. Relative Move-ent (YXZ) Cumulative Movement (TXZ)

91/10119 AERIAL 207144.10 564687.18 16.95 0.00 0.00O 0.00 0.03 0.00 0.00 0.00 0.00

93/01108 AERIAL 207144.06 564687.20 16.95 -0.04 0.02 0.00 0.04 -0.04 0.02 0.00 0.04

target Id; El Type of Survey: AERIAL

Date Survey Aorthirr(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (TKZ) Cumularive Movene-nt (TXZ)

91/10/19 AERIAL 207173.46 564787.89 14.12 0.33 0.G0 0.00 0.00 0.00 0.00 0.00 0.00

931/01/08 AERIAL 207173.35 56477.8.0 14.04 0.11 -0.09 -0.08 0.16 -0.11 -0.09 0.08 0.16

A1O
Appondix A Aanal Survey Data for Arnmor Unit Toruots



Armor Unit Target Movement Record From Aerial Surveys
West Kahului Breakwater, Hawaii

target ld E?2 Type of Survey; AERIAL

Date Survey Rorthirig(Y) ft. Easting(x) ft, Elev.(Z) ft. Relative Movement (YXZ3 CumuiLative Movement (YXZ)

91/10/19 AERIAL 207185.60 564788.95 11.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01108 AERIAL 207185.43 564788.82 11.70 -0.17 -0.13 0.00 0.21 -0.17 -0.13 0.00 0.21

Target Id: E3 Type of Survey: AERIAL

Date Survey Morthir-(Y) ft. Eastirng(X) ft. Elev.(Z) ft. Relative Moveme-nt (YXZ) CulnuLative Movement (YXZ)S....................................................................................... ........... ......... . ................

91/10/19 AERIAL 207180.10 54777.56 12.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207179.97 564777.48 12.10 -0.13 -0.08 -0.02 0.15 -0.13 -0.08 -0.0z 0.15

Tergel Id: ft Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Etev.(Z) ft. Relative Movement (YXZ) Cumulative Move~nt (YXZ)

91/10119 AERIAL 207148.73 564803.92 13.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207148.67 564803.79 13.17 -0.06 -0.13 -0.04 0.15 -0.06 -0.13 -0.04 0.15

Target Id; r2 type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Etev.(Z) ft- Relative Movement (YXZ) CumLLative Movement (YXZ)

91/10/19 AERIAL 207150.13 564816.13 10.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
93/01/01 AERIAL 207150.07 564815.93 10.07 -0.06 -0.20 -0.09 0.23 -0.06 -0.20 -0.09 0.23

Target Id: F3 Type of Survey; AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) Cumulative Rovemei.t (YXZ)

91,10/19 AFRIAL 207158.16 564810.51 17.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207158.10 564810.59 17.84 -0.06 -0.12 -0.08 0.16 -0.06 -0.12 -0.08 0.16

Target Id: G1 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(x) ft. Etev.(Z) ft. Relative Move-vnt (YXZ) CumuLative Movement (YXZ)

91/10119 AERIAL 207100.48 56 795.78 11.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207100.53 564795.61 11.17 0.05 -0.14 0.04 0.15 0.05 -0.14 0.04 0.15

Target Id: G2 type of Survey: AERIAL

S.. .. ....... ............. ....... -.... ............ ...... ......................... .............. ......... ........................lute= Survey NorthinofY) ft. tastingfX) ft. EIe-v.(21 ft. Relative Movevnt (Y071 C..arluLative Move-vent (TAZ)

91/10/19 AERIAL 207098.30 564805.43 9.28 u.00 C.00 0.00 0.03 0.00 0.00 0.00 0.00
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Armor Unit Target Movement Record From Aerial Surveys
West Kahului Breakwater. Hawaii

Target Id: G2 Type of Survey ACRIAL

Date Survey Rorrhing(T) It. Easting(x) ft. Etev.(Z) fT. Relative Moverent (TXZ) Culotive Movement (YXZ)S............ . I................ ........................ . ............... ....................... ......... I.............. .........

93101/08 AERIAL 207099.32 564,85.24 9.31 0.02 -0.19 0.03 0.19 0.02 -0.19 0.03 0.19

Target Id: 03 Type of Survey: AERIAL

Date Survey Morthing(T) ft. Easting(X) ft. Etev.(Z) ft. Relative Movement (YXZ) Cuwmlative Movent (YXZ)S........... . ........................................... I.......................................................................

91/10/19 AERIAL 20710788 564802.58 10.74 0.00 0.00 0.00 0.00 0.00 0.00 O.CO 0.00

93/01/08 AERIAL 207107.89 564802.41 10.74 0.01 -0.17 0.00 0.17 0.01 -0.17 0.00 0.17

Target Id: HIT Type of Survey: AERIAL

Date Survey North-ng(T) ft. Easting(X) ft. EIev.(Z) ft. ReLative Movement (YXZ) CLsutative Movement (YXZ)

91/10/19 AERIAL 207044.61 56W753.78 9.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207044.7,6 564753.12 9.69 0.15 -0.06 0.17 0.23 U.15 -0.06 0.1' 0.23

Tlrget Id: H2 lype of Survey: AERIAL

Date Survey Morthine(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative Movement (YXZ) Cumutative Movement YXZ)

91/10/19 AERIAL 207035.78 564744.66 9.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

93/01/08 AERIAL 207035.91 W4744.62 9.17 0.13 -O.C- 0.16 0.21 0.13 -0.04 0..6 0.21

Target Id: N3 Type of Survey: AERIAL

Date Survey Northing(Y) ft. ERating(S) ft. ELev.(Z) ft. Relative IMovement (YXZ) Cunmuaative Movement (YZ)

91/10/19 AERIAL 207037.QP 564756.14 12.89 O.o0 0.00 0.0 0.00. 0.00 0.00 no L.0' .0 0

)3/01/08 AERIAL 207033.05 564756.05 2.98 0.13 -0-09 0.09 0.18 0.13 -04.9 0.09 0.18

Target Id: I1 Type of Survey: AERIAL

Date Survey Northihg(l) ft. Easting(S) ft. Etev.(Z) ft. Relative 4ovnwnt (YXZ) Cmitatitve "ovent (TXZ)

93/01/08 AERIAL 207032.86 564592.49 8.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Target Id: 12 Type of Survey: AERIAL

Oate Survey Rorthing(t) ft. Easting(;:) ft. Etev.(Z) ft. Relative Movement (YXZ) Cumulative Movement (Ix?)

93/01/08 AERIAL 207031.31 56,597.32 6.73 0.00 O.GO 0.00 0.00 0.00 0.00 0.00 0.00

Target Id: 13 Type of Survey: AERIAL

Date Survey Northingrt) ft. Easting(x) ft. RIev.(Z) ft. Relative Movement (YXZ) Cumulative movcment ctX2J

93/01/08 AERIAL 207028.03 5)64593.Z4 6.06 0.00 0.00 O.V 0.00 0.40 0.00 0.00 0.00
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Armor Unit Target Movement Record From Aerial Surveys
West Kahului Breakwater, Hawaii

target Id: Ji Type of Survey: AERIAL

Date Survey Worthing(Y) ft. EsSting(X) ft- Eltv.(2 ft. Relative Movement (YXZ) CumuLative Moveffrnt (YXZ)

91/10119 AERIAL 206971.55 564W.2.05 4.71 0.00 0.00 0.00 0.00 0.00 O.OU 0.00 0.00

931011S AERIAL 206971.46 56"471.91 4.76 -0.09 -0.14 0.05 0.17 -0.09 -0.14 0.05 0.17

Target Id: J2 Type of Survey: AWEIAL

Date Survey Northing(Y) ft. Easting(X) ft. Etev.(Z) ft. Relative Movement ýTXZ) Cumtuative M1ovement (YXZ)

91/10/19 AERIAL 206967.35 564468.97 4.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
93/u1/08 AERIAL 206967.24 564468.89 4.46 -0.11 -0.08 0.12 0.18 -0.11 -0.08 0.12 0.18

Target Id: J3 Type of Survey: AERIAL

Date Survey Northing(Y) ft. Easting(X) ft. Elev.(Z) ft. Relative MWveMent (YXZ) CumuLative Movement :YXZ)

91/10/19 AERIAL 206972.14 564466.39 4.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
93/01/08 AEA!AL 206972.00 564466.73 4.84 0.14 -0.16 0.1k 0.25 -0.14 -0.16 0.14 0.25
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Figure C1. Aerial vievvs of Kahului West breakwater showing locations of 35-mm
photographs taken during April 1992 helicopter inspection
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during April 1992 helicopter inspection
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Figure C14. Aerial view of Laupatioehoe breakwater showing locations of 35-mm photographs taken

during April 1 992 inspection
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